We use the American Community Survey (ACS), which has a large enough sample size that enables a detailed industrial and occupational level analysis of the labor market. One shortcoming is that it is annual data and hence not suitable for higher-frequency (i.e., monthly and quarterly) business-cycle analysis. However, for our study of the Great Recession, which is a big, discontinuous event, annual data may still produce a conspicuous pattern. Indeed, our analysis finds a striking, hitherto undocumented pattern.
We find that the sharp contraction in the labor market during the Great Recession was largely driven by the construction sector, which shed employment across all occupations. This was only partially mitigated by rising employment in the food services, education, and health industries, which added workers and hours across all occupations.
In contrast, the recovery since 2010 is not led by particular industries but by low-skill occupations (between 2010 and 2012) and high-skill occupations (after 2012) across all industries. This pattern of recovery is a continuation of the underlying trend of polarization across occupations-employment moving away from middle-skill occupations to low-and high-skill ones-that started in the 1980s. 3 This "contraction by sectors and expansion by occupations" asymmetry has never been documented and is a worthwhile observation in its own right. We conjecture, however, that the sharp contraction along the sector dimension and the ensuing slow rise along the occupation dimension will eventually offer an insight into the slow recovery from the Great Recession and, more broadly, the negative skewness of business cycle fluctuations (i.e., sudden recessions and slow recoveries).
The rest of the paper is organized as follows. We describe the data and define the employment shares of interest in Section 2. In Section 3, we show employment changes at the occupation level and decompose them into between-and within-sector components. In Section 4, we show employment changes across industrial sectors. We follow up in Section 5 with a detailed look at year-to-year changes in employment for selected sectors, breaking down a sector's employment change by occupations of different skill levels. Finally, we summarize our findings and discuss avenues for future research in Section 6.
DATA
Employment shares by occupation and industry are constructed from the 2000 Census and the 2001 to 2015 ACSs. We restrict our sample to 16 to 64 year olds who report themselves as employed at the time of each survey. We measure employment in each industryoccupation combination by summing up the hours worked (over a year) of all workers in a given industry-occupation cell. 4 That is, by employment, we mean total hours worked-or, equivalently, hours per worker times the number of workers. Hence in our analysis, a fall in employment occurs along both the intensive (change in hours only) and extensive (change in the number of workers) margins. Accordingly, the employment share of an industry (or an occupation) means total hours worked in an industry (or occupation) divided by total hours in the entire sample.
We include self-employed workers when computing employment, but exclude them when computing average wages by occupation or industry. We exclude agricultural occupations and industries, although their inclusion does not affect our main results.
Consistent occupational codes can be constructed for the 2000-14 period using the OCC2010 variable provided by the Integrated Public Use Microdata Series (IPUMS). We work with a balanced panel of 425 occupations.
For industry codes, we use two classifications. First, we modify the IND1990 variable in the IPUMS into 209 industries that are balanced across all years, which we use in our decomposition of occupational employment shares into between-and within-industry components (Section 3). Second, when we compute employment shares by industry, we collapse the INDNAICS variable to 61 industries to be consistent with the Bureau of Economic Analysis industry codes.
EMPLOYMENT CHANGES BY OCCUPATION
We first define the variables used in our empirical analysis. Let l i,j,t be the employment (i.e., total hours) for occupation i in industry j in year t. Consistent with this notation, l j,t is employment in industry j in year t (l i,j,t summed across all occupations) and l t is total employment in year t (l i,j,t summed across all occupations and industries).
The employment share of occupation i is given by
Then the employment-share change of occupation i from year s to t can be expressed as Figure 1 shows the changes in occupational employment shares and decomposes them into within-and between-industry components. There are four plots, each corresponding to a different subperiod: 2000-08 represents the pre-existing trend, 5 2008-10 the Great Recession, 2010-12 the beginning of the recovery, and 2012-14 the fuller phase of recovery.
For each plot (from year s to t), we order occupations on the x-axis by their average log hourly wage in the base year s. We consider occupational mean wages as a measure of skill, so low-skill occupations are to the left and high-skill occupations to the right. Occupations are grouped into deciles, so that each group accounts for exactly 10 percent of total employment in the base year. 6 For each occupation decile, a dot denotes the percentage-point change of that group's employment share from year s to t, annualized (i.e., divided by t -s) for comparability across subperiods. The red portion of a bar depicts the percentage-point increase (above 0) or decrease (below 0) attributable to the within-industry component and the blue portion to the betweenindustry component. The sum of the two coincides with the dot.
For example, take the leftmost bar in Figure 1A . It shows that the employment share of the lowest mean-wage occupations, which started at 10 percent in 2000 and grew by about 0.15 percentage points per year up to 2008. Of the 0.15-percentage-point increase per year, 0.10 is the between-industry component (i.e., a shift in employment from industries that employ few low-wage occupations to those that employ relatively more low-wage occupations) and the remaining 0.05 is the within-industry component (i.e., an increase in employment in lowwage occupations across all industries). Because of the preponderance of the between-industry component-indicating sectorspecific changes in the labor market during the Great Recession-we now turn to a direct measure of employment changes across sectors.
EMPLOYMENT CHANGES BY INDUSTRY
As defined in Section 3, employment in an industry is the total hours worked by all workers in that industry. Employment in industry j in year t is denoted as l j,t . The employment share of industry j is l j,t divided by aggregate employment (total employment across all industries) in year t, l t .
In Figure 2 , we plot the employment share changes across 61 industrial sectors over the 2000-14 period, again divided into the same four subperiods as in Figure 1 .
We order industries by their average log hourly wage in the base year, ascending from left to right. 7 In each plot (from year s to t), a bar represents the annualized percentage-point change in the employment share of a given industry from year s to year t. The width of each industry bar is the employment share of the given industry (in percent) in the base year.
For example, the leftmost bar in Figure 2A is for the industrial category of food services and drinking places, which had the lowest mean wage of all industries in 2000. The bar width is its employment share in 2000, 4.1 percent, and the bar height is the annualized change in its employment share from 2000 to 2008, an increase of 0.07 percentage points per year.
The following summarizes some noticeable patterns that emerge from Figure 2: 1. The most salient fact is that employment shifts across industries were much more prominent during the Great Recession than usual. In particular, 40 percent of the employment share losses is concentrated in one industry-construction-out of 31 industries with declining employment shares. 8 Because we are plotting changes in employment shares, this loss will show up as gains in other sectors. Most of the gains are accounted for by food services, education, and hospitals/nursing/residential care facilities. These industries gained employment in absolute terms as well, even as aggregate employment was declining during the Recession. 2. Both before and after the Great Recession, it is difficult to discern any clear pattern in employment-share changes across industries. One observation is that the employment shares of the food and hospital industries persistently rose throughout the sample period (also see Section 5). Another is that industries such as retail, education, and, of course, construction have more volatile employment shares than the rest. 3. While not as conspicuous, there is an underlying trend of structural transformation from manufacturing to services throughout the entire sample period. For example, the service sector gained 4.2 percentage points of the employment share between 2000 and 2014.
EMPLOYMENT CHANGES BY OCCUPATION: SELECTED INDUSTRIES
In this section, we complement the preceding analyses in two ways. First, we summarize changes in employment levels, rather than shares, to see how the large drop in aggregate employment during the Great Recession was distributed across different occupations and industries. Second, for selected industries of interest (those that experienced large changes), we examine how different occupations contributed to each industry's employment change (by level) over the Great Recession period. This information is absent in Sections 3 and 4.
Here we measure employment by the number of workers, regardless of full-or part-time status. Let n i,j,t denote the number of workers for occupation i in industry j in year t. Then (n i,j,t -n i,j,s )/(t -s) measures the annualized change in employment for occupation i in industry j from year s to year t.
While we use the same 61 industry classifications, we group occupations in a different way from Section 3. We rank the 425 occupations by their 1999 mean wage and divide them into five groups. So each group accounts for exactly 20 percent of aggregate employment in 2000, with the first (or last) group comprising the lowest (or highest) mean-wage occupations. Unlike in Section 3, we fix this occupation grouping across all subperiods. Figure 3A shows the annualized changes in aggregate employment (number of workers), and Figures 3B to 3D show the changes for three industries of interest: construction, hospitals, and food services, respectively. 9 In each plot, the leftmost red dot is the annualized change in employment from 2000 to 2008 (in millions), and the other dots are the year-by-year changes from 2008 to 2014. The colored bars then break down these changes into the five occupation wage groups (from dark to light, in ascending order of skills measured by the occupational mean wage in 1999).
For example, take the bar 09-10 in Figure 3A , which is the change in aggregate employment from 2009 to 2010. The location of the red dot indicates that aggregate employment shrank by 1.6 million. This number, however, masks the fact that some occupations actually gained employment in spite of the overall contraction. The darkest part of the bar shows that the lowest-wage occupation quintile added 0.4 million workers, while the other four wage occupation quintiles combined lost 2 million. Together with the 08-09 bar, these employment changes by level are consistent with the employment share changes across occupations in Figure 1B , which showed large employment share gains for the low-wage occupations during the Great Recession.
Some important features in Figure 3 are as follows:
1. Figure 3A shows that between 2008 and 2010, aggregate employment (as measured by the number of workers) fell by 7 million, or 5 percent, from a peak of 138 million in 2008. All but the lowest-wage occupation quintile lost employment, with the second quintile taking the biggest hit. Consistent with what we observed in Section 3, the lowestwage occupation group leads the recovery till 2011, followed by the highest-wage occupation group in later years. 00-08 08-09 09-10 10-11 11-12 12-13 13-14 00-08 08-09 09-10 10-11 11-12 12-13 13-14 00-08 08-09 09-10 10-11 11-12 12-13 13-14 Changes 2. From Section 4 we know that the construction sector bore the brunt of the Great Recession. Figure 3B shows that it shed more than 2 million workers between 2008 and 2010. This represents a 20 percent drop in employment from its peak of 10 million in 2008. Also, the 2-million-worker loss in construction is nearly 30 percent of the number of workers lost in aggregate (7 million). It also shows that within the construction sector, employment dropped across all occupation groups. The moderate recovery since 2011 is attributable to middle-wage occupations. At the end of 2014, employment in the construction sector is still 15 percent below its 2008 peak. 3. As shown by the red dots in Figures 3C and 3D , hospitals and food services did not lose employment even during the Great Recession. However, different occupation-wage groups led the employment growth of the two sectors. Hospital employment rose by 1 million between 2008 and 2014 (or by 12 percent of its employment in 2008, 8.6 million). Of this, 0.6 million is accounted for by the highest-wage occupation group.
On the other hand, food services added 1.4 million workers between 2008 and 2014 (a 17 percent increase from 7.9 million in 2008), of which 1 million (or 76 percent) belongs to the lowest-wage occupation group. 10 Another interesting difference is that the fraction of part-time workers in the highest-wage occupation group in the hospital industry fell from 21.1 percent to 18.4 percent, whereas the fraction of part-time workers in the lowest-wage occupation group in food services increased from 57.7 percent to 59.8 percent. 11
CONCLUDING REMARKS
Employment dropped sharply during the Great Recession, followed by a slow recovery. Both the contraction and the recovery were unevenly distributed across different industries and occupations. We reveal some new, interesting facts by tracking employment changes within and between industry-occupation groups. The sharp contraction was concentrated in the construction sector, but the recovery does not display any clear pattern of employment shifts among sectors. Instead, it is initially driven by low-skill and later (since 2012) by highskill occupations, more or less across all sectors. We conjecture that this may shed new insights into the cause and mechanics of the sluggish recovery from the Great Recession.
In this paper, we focused strictly on employment shifts of a given industry-occupation group, abstracting from how individual workers actually transition from one group to another. In separate ongoing work, we find that the employment share changes across industries and occupations do not necessarily reflect individual workers switching industries or occupations. For example, while the contraction of the construction sector affected young workers with no college education the most, the concurrent expansion of employment in food services is largely explained by older workers with no college education. (That is, they are different people.) This points to sector-and occupation-specific human capital and also frictional labor markets, which we will address in our future research. n NOTES
